Introduction {#Sec1}
============

The Ebola viral strains are re-emerging zoonotic pathogens and members of the Filoviridae family consisting of five distinct species: *Bundibugyo, Cotes d'Ivoire, Reston, Sudan*, and *Zaire* with a high case-fatality rate in humans \[[@CR1]\]. Filoviruses are long filamentous enveloped, non-segmented, single-stranded viruses, consisting of a negative-sense RNA genome \[[@CR2]\]. Each Ebola species genome encodes seven linearly arranged genes: nucleoprotein (NP), polymerase cofactor (VP35), matrix protein (VP40), glycoprotein (GP), replication-transcription protein (VP30), matrix protein (VP24), and RNA-dependent RNA prolymerase (L) \[[@CR2]\]. While there are no proven effective vaccines or effective antiviral drugs for Ebola, containing an outbreak relies on contact tracing and on early detection of infected individuals for isolation and care in treatment centers \[[@CR2]\]. The most recent Ebola outbreak in West Africa, which began in December 2013, due to the Zaire strain, demonstrated several weaknesses in the medical infrastructure of the affected countries, including the urgent need of effective diagnostics, which have a fundamental role in both disease control and case management.

The Ebola virus is transmitted as a result of direct contact with bodily fluids containing the virus \[[@CR3]\]. The virus enters via small skin lesions and mucus membranes where it is able to infect macrophages and other phagocytic innate immune cells leading to the production of a large number of viral particles \[[@CR2]\]. The macrophages, monocytes, and dendritic cells infected in the early stage of the disease serve to spread the virus throughout the organs, particularly in the spleen, liver, and lymph nodes \[[@CR2]\]. Consequently, critically ill patients display intensive viremia \[[@CR4]\]. Recognizing signs of Ebola viral disease is challenging because it causes common non-specific symptoms such as fever, weakness, diarrhea, and vomiting, and the incubation period typically lasts 5--7 days \[[@CR3]\]. Therefore, functioning laboratories and effective point-of-care diagnostic tests are critically needed in order to minimize transmission, allow better allocation of scarce healthcare resources, and increase the likelihood of success of antiviral treatments as they are developed \[[@CR5]\].

There is an ongoing effort in place to improve Ebola diagnostics, primarily to detect the disease early. Currently, the cost and difficulty of testing limit diagnostic facilities to small mobile laboratories or centralized facilities with turnaround times measured in days rather than in a few hours, meaning that diagnosis is largely used to confirm disease. Ebola diagnosis can be achieved in two different ways: measuring the host-specific immune response to infection (e.g. IgM and IgG antibodies) and detection of viral particles (e.g. ReEBOV Antigen Rapid Test Kit for VP40), or particle components in infected individuals (e.g. RT-PCR or PCR). The most general assay used for IgM and IgG antibody detection are direct ELISA assays. Considering the physiological kinetics of the humoral immune system as well as impaired antigen-presenting cell function as a result of viral hemorrhagic fever, antibody titers are low in the early stages and often undetectable in severe patients prior to death \[[@CR6]\]. This leaves polymerase chain reaction (PCR) for antigen detection as a viable option for early diagnostic assays. PCR is a chemical reaction that amplifies pieces of a virus's genes floating in the blood by more than a millionfold, which makes detection of pre-symptomatic individuals likely identifiable. Indeed, a research article published in 2000, illustrates the power of this technology to detect Ebola virus in humans in the pre-symptomatic stage \[[@CR7]\]. In this study, 24 asymptomatic individuals who had been exposed to symptomatic Ebola patients were tested using PCR. Eleven of the exposed patients eventually developed the infection. Seven of the 11 tested positive for the PCR assay. And none of the other 13 did.

In this chapter, we extend the work presented in \[[@CR8]\]. Here, we have developed and analyzed a mathematical model to evaluate the impact of early diagnosis of pre-symptomatic individuals on the transmission dynamics of Ebola virus disease in West Africa, under the assumption that the disease is maintained possibly at very low levels due to the deficiencies in health systems and our incomplete understanding of Ebola infection as illustrated by the case of Pauline Cafferkey. Therefore, eliminating Ebola may require a more sustained and long-term control effort.Table 1Definition of model statesVariableDescription*S*(*t*)Number of susceptible individuals at time *t*$\documentclass[12pt]{minimal}
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The total population is assumed to be classified into six mutually independent subgroups: susceptible *S*(*t*), non-detectable latent $\documentclass[12pt]{minimal}
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==============

Basic Properties {#Sec4}
----------------

Since model ([2](#Equ2){ref-type=""}) imitates the dynamics of human populations, all variables and parameters should be non-negative. Thus, following the approach shown in appendix A of \[[@CR12]\], we show the following result.

### Theorem 1 {#FPar1}

The variables of model ([2](#Equ2){ref-type=""}) are non-negative for all time.
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### Ebola-Endemic Equilibrium {#Sec7}
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#### Lemma 3 {#FPar4}
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To study the impact of early detection of pre-symptomatic individuals and isolation on the reproduction number, we first depict $\documentclass[12pt]{minimal}
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Now, we could also ask a similar question on the role of isolating infectious individuals to contain Ebola transmission. Figure [3](#Fig3){ref-type="fig"} shows the impact of changing the rate at which infectious individuals get isolated, $\documentclass[12pt]{minimal}
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Discussion and Conclusion {#Sec10}
=========================

The Ebola epidemic has shown us major weaknesses not only in health systems in West Africa, but also in our global capacity to respond early to an outbreak with effective diagnostic capacities. After multiple outbreaks of infectious diseases, from severe acute respiratory syndrome (SARS) to Middle East respiratory syndrome coronavirus (MERS-CoV), we still do not have effective diagnostic tools to rapidly respond to a number of potential epidemics. The main reason why we lack of such diagnostic preparedness against infectious diseases is because of the lack of a financed global strategy that can be implemented ahead, rather than during an epidemic. This strategy must primarily focus on two critical aspects: First, a continuous interaction between the field to detect small outbreaks and collect samples, and reference laboratories with advanced sequencing tools to identify the pathogen. Second, the need of assay development for early diagnosis, their regulatory approval, and a plan of implementation in anticipation of an outbreak.

Here, motivated by some studies showing that PCR assay can detect Ebola virus in both humans and non-human primates during the pre-symptomatic stage \[[@CR7], [@CR11]\], we have developed and analyzed a mathematical model calibrated to the transmission dynamics of Ebola virus disease in West Africa to evaluate the impact of early diagnosis of pre-symptomatic infections. In the absence of effective treatments and vaccines, our results show the importance of implementing integrated control measures of early diagnosis and isolation. Importantly, our analysis identifies a threshold where early diagnosis of pre-symptomatic individuals, combined with a sufficient level of effective isolation, can lead to an epidemic control of Ebola virus disease. Furthermore, the need to incorporate vital dynamics is justified by our still limited understanding of Ebola infection including whether or not Ebola virus may persist among recovered individuals. The use of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathscr {R}_c$$\end{document}$ in this context reflect our view that control measures should be sustainable and not just in response to an outbreak.
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